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ABSTRACT
Young, Andrew, A., M .S., Spring, 1993 Geology
Sheetflood Sedimentology and Stratigraphy of the Middle Proterozoic Revett Formation, Scotchman 
Peak Proposed Wilderness A r ^  Montana
Director: Don Winston
The Revett Formation at Scotchman Peak has a lower quartzite, a middle siltite and an upper 
quartzite member. The quartzite members were deposited by a large alluvial apron complex that 
prograded into the Belt basin from the west, retreated, and prograded again. Flashy sheetfloods 
deposited fine-grained, tabular sand beds that characterize the Revett.
Processes of sheetflood deposition are based on the recognition and analysis of sediment types. 
The most characteristic sheetflood deposits are 10 cm- to 60 cm-thick, tabular beds of flat-laminated to 
climbing ripple cross-laminated fine-grained arenite that fine upward to desiccated silt and mud and 
represent the flat-laminated sand sediment type. The flat-laminated sand layers record deposition from 
upper regime flow across flat, sheetflood sand lobes that advanced down the alluvial apron surfaces.
The fining upward layers record flow deceleration followed by exposure and desiccation. Nested 
within the flat-laminated sand beds are very large trough crossbeds up to 16m across, of the trough 
crossbedded sand sediment type. They record occasional shift to lower regime flow and scouring of 
isolated very large pits into the sheetflood surfaces.
Sand lobes advanced over very fine sand and mud deposits of the discontinuous layer sediment 
type, characterized by lensoidal silt and mud layers interstratified with very fine grained sand beds, 
deposited between and beyond the sand lobes by alternating current velocities over moist, flat interlobe 
and extralobe regions. The borders of some sand lobes formed bars with avalanching foresets that 
advanced across the interlobe silt surfaces, depositing tabular planar crossbeds. Other lobes advanced 
as thin sand sheets across the rippled silt and mud of the discontinuous layer sediment type.
Sheetfloods that spread out beyond the sand lobe and extralobe regions, decelerated, depositing fine 
sand and silt to clay even couples across sandflats, and even mudcracked couplets across playa mudflats 
beyond the alluvial apron.
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INTRODUCTION
Sheetfloods are unconfîned, unchanneled floods that deposit broad sheets of sediment 
(Tunbridge, 1981; Hogg, 1982). They are common on modem alluvial aprons and alluvial plains in 
semi-arid regions with sparse vegetation (McGee, 1897; Rahn, 1967; Bull, 1972; Hardie et al., 1978). 
However, sheetflood processes are inadequately described and understood. In comparison to the many 
studies of meandering and braided stream deposits (e.g., Allen, 1985; Cant, 1978; Miall, 1985), 
recognition and description of ancient sheetflood deposits are relatively few (Rust, 1978b; Tunbridge, 
1981, 1983; Smoot, 1983; Sneh, 1983; Miall, 1984b).
This study describes large scale sheetflood deposits and processes in the Revett Formation of 
the Middle Proterozoic Belt Supergroup in western Montana. Vertical and lateral facies relationships 
of sheetflood deposits are well exposed in the Scotchman Peak area, northwestern Montana (Figure 1), 
permitting detailed descriptions of their sedimentary structures at specific intervals within a single 
measured stratigraphie section. These data, combined with an analysis of the vertical succession of five 
sediment types, indicate that sheetflooding was the main mode of deposition for the Middle Proterozoic 
Revett Formation.
Stratigraphy and Previous Work
The 16km thick sedimentary wedge of Middle Proterozoic (1,475-1,250 Ma) Belt Supergroup 
was deposited in a northwesterly trending basin (Figure 1) (e.g. Smith and Barnes, 1966; Harrison, 
1972; Winston, 1986a). The Revett Formation represents eastward-thinning arenite wedges in the 
middle part of the Ravalli Group (Figure 2). The Revett is one of the most thoroughly studied Belt 
units, because it hosts stratabound copper-silver deposits of the Troy type in western Montana and lead, 
zinc, and silver deposits of the Coeur d’ Alene district (Harrison, 1972). White and Winston (1977)
1
I
114»
Scotchman Peak
I
110"
EXPLANATION
Mittouta Group ond eorrolotivo 
PurcoM formotlont
middlt B«lt corbonott and 
KltehoMr Formation
Rovaill Group ond 
Croilon For motion
Lower Bolt, ond corrototivo 
PurcoM formotioni
I Pro-Bolt cryotoHIno rockt
I Lomhl Group, YoHoW)oetot 
I and Swougor formotioni
T hru it foult
Normal foult
S trotlgrop hic con tact
ALBERTA
IDAHO
WA »46 "
Figure 1 Generalized geologic map of the Belt and Purcell supergroups, showing the location of 
Scotchman Peak Proposed Wilderness Area, Montana (modified after Winston, 1989).
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Figure 2 Generalized sediment type cross-section of the Ravalli Group from the Couer d* Alene 
district to Glacier National Park (from Winston, 1989),
defined the following three informal members within the Revett in the Coeur d̂  Alene district: 1) 
lower Revett: vitreous and sericitic arenite overlain by 2) middle Revett: siltite-argillite, in turn 
overlain by 3) upper Revett: alternating arenite and siltite-argillite intervals. Tongues of fine-grained 
lower and upper Revett arenite fine eastward across the Belt basin into fine-grained siltite intervals in 
the Grinnell and Spokane Formations (Kuhn, 1986b; Cronin, 1989; Winston, 1989b) (Figure 2).
Revett deposition has been interpreted in widely differing ways ranging from deep water 
turbidite (Hrabar, 1971), to marine miogeocline (Harrison, 1972), to marine deltaic (Bowden, 1977; 
Mauk, 1986; Hayes and Einaudi, 1986), to intracratonic fluvial. Alleman, (1983); Greene, (1984); 
Kuhn, (1986b); Cronin, (1989); Winston et al., (1989); and Winston (1989b, 1991) infer fluvial 
deposition in braided channels and on sheetflood surfaces within an alluvial apron-sandflat-playa 
mudflat complex.
Location
The Revett at Scotchman Peak, northwest Montana (Figure 1), was studied in a complete 
stratigraphie section (Figures 3 and 4), measured and described within the cirque walls and along the 
ridgeline o f Scotchman Peak Number 2. The glaciated terrain provides excellent laterally continuous 
cross-sections and broad bedding plane exposures.
SEDIMENT TYPES 
General Statement
Because Belt formations in part reflect digenesis and metamorphism, Winston (1986b) 
proposed a sediment-type classification for Belt rocks that identifies their principal sedimentary 
elements. Sediment types are based on sedimentary structures, grain size and mineralogy, and they are 
expressed as sediments, thereby avoiding digenesis. Sediment types applicable to the Revett Formation 
at Scotchman Peak are: the flat-laminated sand, trough crossbedded sand (new), discontinuous layer, 
even couple, and even mudcracked couplet sediment types (Winston, 1986b). Principal characteristics 
of the five sediment types are summarized in Tables 1-3.
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SmUCTURES DESCRIPTION INTERPRETATION
Continuous, even laminations Upper flow regime
Horizontal laminations approximately 1mm apart deposition on flat sheetflood
within fine-grained feldspathic surfaces from bed and
quartz sand. suspension load.
Lingoid and lunate climbing Lower part of lower flow
ripple cross-laminations in regime deposition from
Climbing ripples beds from 10cm to 1.5m waning currents.
thick. Commonly overlie accompanied by rapid
horizontally laminated sand. sediment accumulation.
Finely laminated and cracked Mud settles out from
mud veneer a few cm. thick suspension during waning
Mudcracked caps with desiccation cracks. and cessation of flow. Mud
Commonly overlies both was subaerially desiccated
horizontally laminated sand before next flood.
and climbing ripple cross­
laminations.
Symmetrical ripples Straight crested ripples that Formed in shallow
, occasionally cap horizontally depressions by wind
laminated sand. Commonly oscillation.
1 overlain by mud veneer.
Very low angle cross­ Deposition from standing
laminations lO's of meters and breaking waves in the
§ long with silt laminae and upper flow regime.
Antidunes climbing ripple cross­
1 laminations on their lee sides.
■f 20cm deep scours are filled
fS with high angle cross­
laminations that dip upcurrent.
Low angle, sweeping Upper regime flow within
Epsilon crossbeds crossbeds 10"s of meters long very shallow, migrating
containing planar laminae that channels that gently indented
parallel the crossbed plane. the sheetflood surface.
Linear sets of angular and Deposition from bed and
tangential planar crossbeds suspension load on
10cm to Im  thick. Cross- advancing steep slopes of
laminae commonly descend to large, broad, low sand bars.
Planar crossbeds climbing ripples at the toes of Represent inflection point
the angular crossbeds. Some between upper regime flow
crossbeds thicken downslope across sand sheet and lower
at oblique angles to flow based regime flow in deeper water
on rib and furrow structures. downstream from bar.
Record leading edge of
sheetflood bar.
Table 1. Sedimentary structures of the flat-laminated sand sediment type.
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STRUCTURES
Trough crossbeds
Lingoid, lunate and 
asymmetrical straight 
crested ripples
Symmetrical straight 
crested ripples
DESCRIPTION
Tangential high angle trough 
crossbeds composed of fine­
grained feldspathic quartz sand. 
Crossbeds cut horizontally 
laminated sand beds, form 
lensoidal sets nested in flat- 
laminated sand and are planed 
off beneath the flat-laminated 
sand. Trough crossbeds outline 
scour pits that are up to 60cm 
deep and range up to 16m 
across but average 2m across.
Ripples and rib and furrow 
structures on scour pit flat 
surfaces bedding planes.
Parallel to slightly divergent 
directions of flow from scour 
pit orientation.
Common ripple form that 
separates some crossbed sets 
within scour pits. Occur on 
trough crossbed surfaces and 
are aligned at variable angles to 
the scour pit orientation. A 
muddy veneer covers the crests 
of the ripples.
INTERPRETATION
Shift from sheetflood in the 
upper flow regime to 
sheetflood in the upper part of 
the lower flow regime, 
forming scour pits. Probably 
produced when flow depth was 
more than Im  deep. Lunate 
and lingoid dunes may have 
developed upstream from 
scour pits, but were eroded as 
flow shallowed and shifted 
back to upper regime flow.
As floods that cut scour pits 
waned and shallowed, flow 
shifted to the lower part of the 
lower flow regime and was 
deflected by scour pit 
topography.
Formed in scour pits by wave 
oscillation during periods of 
standing water following 
floods or when pits were 
abandoned by shifting flow.
Diverse population of low Lower flow regime
angle ripples and high angle. unidirectional shallow
& planar crossbed sand lenses currents. Very high rates of
10cm thick, set in muddier. suspension and bed load
1 siltier beds that have even. deposition on flat surfaces.o Discontinuous beds wavy and discontinuous Covered by water and/or moist
(scoured) laminations 1cm to with periods of subaerial
g 10cm thick. Soft sediment exposure. Represents slightly
8 loads and desiccation cracks lower floodplain/interlobe area
are common. Occasional super between and at the toes of
critically climbing ripples and sand lobes.
plane beds.
Table 2. Sedimentary structures of the trough crossbedded sand 
and discontinuous layer sediment types.
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STRCrURES 1 DESCRIPTION INTERPRETAnON
fi
Couples Tabular to lensoidal, 3cm to 10cm 
thick graded couples consisting of 
lower flat-laminated very fine sand 
and silt layers that grade up to 
mud. Do not have scoured bases. 
Rare interbeds of fine-grained 
quartzose sand beds <  10cm thick.
Deposition from suspension 
and bed load on a broad, 
flat surface. Represents 
deposits on sand flats from 
episodic sheetfloods.
1
Mudcracks Polygonal (on bedding plane) 
straight sided (in cross-section) 
desiccation cracks. Individual 
polygons on bedding surfaces range 
from 0.5cm X 1cm to 8cm X 
10cm. Mud chip horizons 1cm 
thick.
Mud was subaerially 
exposed and desiccated 
between floods. Subsequent 
floods ripped-up polygons 
and re-deposited them as 
mud chips.
Ripples Lunate and lingoid ripples exposed 
on bedding planes. Occasional 
climbing ripples in silt or fine 
sand.
Small scale, lower flow 
regime deposition from 
waning currents.
î
Couplets Even, graded layers 0.5cm to 3cm 
thick consisting of lower flat- 
laminated very fine sand and silt 
layers that grade up to mud. Do 
not have scoured bases. Rare 
interbeds of fine-grained quartzose 
sand beds <  10cm thick.
Deposition from suspension 
and bed load from 
decelerating sheetfloods 
onto dried playa mudflats.
1
i
Mudcracks Polygonal (on bedding plane) 
straight sided (in cross-section) 
desiccation cracks. Individual 
polygons on bedding surfaces range 
from 0.5cm X 1cm to 8cm X 
10cm. Mud chip horizons 1cm 
thick.
Mud was subaerially 
exposed and desiccated 
between floods. Subsequent 
floods ripped-up polygons 
and re-deposited them as 
mud chips.
Ripples Lunate and lingoid ripples exposed 
on bedding planes. Occasional 
climbing ripples in silt or fine 
sand.
Small scale, lower flow 
regime deposition from 
waning currents.
mudcracked couplet sediment types.
Discontinuous layer Trough crossbedded sand
sediment type sediment type
Flat-laminated 
sand sediment type
.35 DiHerence between observed and random 
Overlain by ------ >
Figure 5 Results o f Markov chain analysis demonstrating that the trough crossbedded sand and 
discontinuous layer sediment types are overlain by the flat-laminated sand sediment type with a 
frequency greater than random.
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A Markov chain analysis verified diat the discontinuous layer sediment type and the trough 
crossbedded sand sediment type are overlain by the flat-laminated sand sediment type with a frequency 
greater than random (Figure 5). Each sediment type is described below, followed by a depositional 
interpretation.
Flat-laminated Sand
Description
The flat-laminated sand sediment type dominants the Revett in the Scotchman Peak area and 
elsewhere. It is characterized by even, horizontal, continuous, millimeter-scale laminations of fine­
grained to very fine-grained feldspadiic arenite in tabular beds 0.6 to Im  thick (Figures 6, 7 and 8; 
Table 1). Beds fine upward from 200u sand to less than 25u silt, and they outcrop as tabular, 
continuous strata. Some flat laminations pass both upward and down current into subcritically climbing 
ripple cross-laminations (Type A of Jopling and Walker, 1968) (Figure 6). Occasional flat-laminated 
sand beds are capped by oscillation ripple marks and others are capped by thin muddy layers cut by 
subaerial desiccation cracks.
Less common sedimentary structures within the flat-laminated sand sediment type are low- 
angle antidunes, epsilon crossbeds (lateral accretion deposits) and tabular planar crossbeds (Table 1).
Low-angle antidunes occur within tabular flat-laminated sand bodies at 230* (Figure 9) and at 
740* (Figures 10 and 11) in the measured section. The low-angle laminations are several meters long, 
and in places, are cut by scoured depressions. Filling the scours are low-angle cross-laminations that 
dip upcurrent when compared to other paleocurrent indicators.
Epsilon crossbeds are commonly 1.5m thick and slope at exceedingly low angles (<  5®) for 
10*s of meters. They occur at 755*, 800*, and 970*. Most are filled by gently sloping, laterally 
accreted flat-laminated sand beds (Figure 12).
In the measured section, steep, angular planar crossbeds occur at 427*, 730*, 942*, 1030*, 
1117*, 1226*, 1408*, and 1555*.
11
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Figure 6 Climbing ripples. Scale in cm's.
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Figure 7 Flat-laminations. Scale in cm’s.
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Figure 8 Tabular beds containing flat-laminations at 260\ Length of Jacob staff is 5 feet.
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Im
2m Top of outcrop
B a sa l tabular flatHaniinated sand  bed
Figure 9 Sketch of outcrop at 230% Flat-laminated sand overlain by low relief bedform interpreted to 
be an antidune (AD) with ripple laminations (RL) on the lee side. Outcrop is capped by ripple 
laminations. Current flowed from right to left.
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Figure 10 Low angle antidunes, and scours filled with cross-laminations produced by breaking waves 
in the upper flow regime at 740’. Scale in cm’s.
15
scour
FLS
Figure 11 Sketch of outcrop at 740’. Climbing ripples (CR) are overlain by flat-laminated sand (FLS) 
in lower half of sketch. Current flowed from right (west) to left (east). Low relief bedform in die 
middle part of sketch, with current still from right to left, represents antidunes (AD). The antidunes 
cut by crossbeds dipping to the right are interpreted to record a scour pit formed from a breaking wave 
that migrated upstream to the right. Compare with photograph of same outcrop. Figure 10.
16
1
Figure 12 Epsilon crossbeds (lateral accretion deposits) nestled within tabular flat-laminated beds at 
755’.
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Interprétation of the flat-laminated sand sediment type
The tabular flat-laminated sand beds widi horizontal laminations were deposited from upper 
regime flow (Harms and Fahnestock, 1965; Allen, 1984b; Cheel and Middleton, 1985). Their tabular 
habit records laterally extensive flne sand accumulation across very broad, flat surfaces, reflecting 
unconflned, sheetflood flow. When currents waned, flow in most of the Revett dropped from the upper 
regime to the lower part of the lower regime, without depositing large scale bedforms. Sediment 
accumulated rapidly, forming subcritically (Type A) climbing ripple cross-laminations (Ashley et a l., 
1982). The absence of large scale bedforms reflects either very shallow flow (Singh, 1972) or the 
inability of the fine sand to form large scale bedforms under most conditions, or both (Figure 17, p.
24) (Ashley, 1990; Rubin and McCulloch, 1980). Cessation of flow allowed silt and clay to settle out 
of suspension, capping the tabular beds. Occasional oscillation ripples formed in ponds. The mud was 
subaerially exposed and desiccated between floods. Most flning-upward tabular beds were then 
overlain by the next flat-laminated, flning upward flood deposit, with little indication of scour.
Antidunes record standing waves in the upper flow regime, and where scoured, record washed 
out standing waves (Simons et al., 1965).
Epsilon crossbeds outline margins of broad, shallow channels (<  2m deep) with such gently 
sloping edges that they might be considered elongate depressions, indicating broad concentrations of 
flow in tabular flat-laminated sand sequences. Epsilon crossbeds at 755’, 800’, and 970’, indicate some 
slight channeling on the sand lobes. The thickness of the epsilon crossbeds indicates that the channels 
transported large amounts of very fine and fine-grained sand, probably in suspension, during 
sheetflooding (Schumm, 1977). In places, tabular planar crossbed sets mark the bases of flat-laminated 
sand intervals and overlie the discontinuous layer sediment type. They record the downstream leading 
edges of sand lobes or large elevated bars. The tabular prograding edges of sand lobes, with ripples 
building down slope, stood up to a meter above the discontinuous layer sediment type surface as their 
margins migrated down the alluvial apron across the flat discontinuous surface.
18
Tabular beds of the flat-laminated sand sediment type, interpreted to record individual 
sheetfloods, are similar to the horizontally laminated and climbing ripple cross-laminated sheet sand 
deposited across the flat floodplain of Bijou Creek, Colorado (McKee et a l., 1967) and to ancient 
sheetflood deposits of the Devonian Trentishoe Formation of SW England (Tunbridge, 1981).
In summary, episodic, unconfmed sheetfloods in mostly upper regime flow deposited flat- 
laminated sand in the form of large, coalescing alluvial sand lobes on the core of a large alluvial apron.
Trough Crossbedded Sand 
Description
The trough crossbedded sand sediment type is here defined and consists of trough crossbeds 
about 60cm thick that cut flat-laminated sand beds (Figure 13). Most trough crossbeds are planed flat 
on top. The sand is well sorted and fine-grained (150u-200u), with 95% quartz, 5% feldspar and <
1% clay (now sericite). Other sand strata, more than Im thick and at least 10m long, have undulatoiy 
bedding contacts, but lack evident internal trough crossbeds. These beds are probably internally cross- 
laminated but may appear structureless because they are very well sorted and uniformly quartzose. 
Rippled surfaces separate some trough crossbed sets (Table 2).
Geometry of the trough crossbeds is evident in exceptionally clear, three-dimensional 
exposures, such as from 660* to 675* in the measured section (Figures 14 and 15). Here, individual 
scour pits, which are filled in by trough crossbeds, range up to 16m wide and average 2m wide. At 
several stratigraphie levels, large trough crossbeds of different sizes, but with a similar sense of current 
direction are commonly cut by bedding planes that reveal parallel parting lineation with nearly identical 
current directions as the large troughs. However, some trough crossbeds at other stratigraphie levels 
curved to the right or left as they migrated.
Lingoid-lunate, straight crested, and symmetrical ripples commonly mantle the trough crossbed 
surfaces (Table 2 and Figure 16). On other crossbed surfaces lingoid-lunate ripples and rib and furrow 
structures indicate flow that paralleled or slightly deviated from the flow of the large trough crossbeds.
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Figure 13 Close up of trough crossbeds cutting flat-laminations. Scale in cm’s.
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Figure 14 Bedding plane exposure of three large scour pits at 665% center pit is 16m across.
Figure 15 Close-up of center pit of Figure 14 displaying 60cm thick trough crossbeds. Jacob staff for 
scale.
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Figure 16 Straight-crested oscillation ripples on the foresets of large trough crossbeds at 685’. Ruler 
is 30 cm long.
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Mud chip conglomerate beds from a few cm*s to 10cm thick cap some planed off trough crossbeds. 
Interpretation o f the trough crossbedded sand sediment type
Although large-scale trough crossbeds are common in stream channels, trough crossbeds in the 
Revett, which cut flat-laminated sand, do not form sets nested in epsilon or accretionary crossbeds of 
channel edges (Harms and Fahnestock, 1965; Miall, 1985). Young and Winston (1990) interpreted 
these trough crossbeds to record a shift from unconfmed, upper regime sheetflood flow that deposited 
the flat-laminated arenite beds to unconfmed, lower regime sheetflood flow, forming large scour pits 
that migrated downstream and were filled by trough crossbeds during maximum flood discharge.
Figure 17 is a plot by Rubin and McCulloch (1980) of grain size versus flow depth versus flow 
velocity. Based on this plot, flow depth was probably about one meter or more based on grain size, 
trough crossbed diickness, and flow velocities estimated to be less than 80cm/sec. Velocity is derived 
from a grain size versus mean flow velocity plot constructed by Ashley (1990). Large-scale trough 
crossbeds cut by smaller trough crossbeds and mantled with climbing ripples reflect decelerating 
velocity and decreasing flow depth. Subsequent sheetfloods flowing in the upper flow regime 
apparently planed off the large bedforms and beveled the trough crossbeds.
Before being planned flat, the giant scour pits were most probably separated by large lingoid 
and lunate dunes (mega-ripples). The exposure of large dunes, as the flood waned and shallowed, 
deflected flow from scour pit to scour pit. Symmetrical ripples formed in the large scour pits by wave 
oscillation when water stood in the pits following floods or when pits were abandoned by shifting flow.
The Revett trough crossbeds may have a modem counterpart in the large-scale ripples in the 
medium- to coarse-grained flood deposits of ephemeral streams of central Australia (Williams, 1971). 
Unlike the Revett, these large-scale trough crossbeds were deposited in channels 2-6m deep.
Horizontal laminations produced by the upper flow regime were restricted to longitudinal bars or the 
shallower parts of channel beds. At Bijou Creek, Colorado, scattered trough crossbeds were reported 
in flat-laminated sands on the floodplain, where flow depths were determined as 4.4 to 7.9 feet (McKee 
et a l., 1967).
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Figure 17 Three-dimensional plot of bed phase and sand-wave height as a function of velocity, 
sedimait size, and depth (from Rubin and McCulloch, 1980).
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The greater abundance of flat-laminations than trough crossbeds in the Revett is most probably 
due to the combination o f shallow flow depths, rapid flow velocities, and flne-grained sand (150u-200u) 
during sheetflooding. Fine-grained sand is barely large enough to form large-scale bed forms and is 
mostly within the range of upper regime flow (Ashley, 1990; Rubin and McCulloch, 1980).
Conversely, in stable channel systems, flow is deeper, resulting in abundant trough crossbeds (Cant and 
Walker, 1978). Thus, given the constraints of fine sand, absence of troughs within channels, and 
deeper flow than that of flat-laminations, the trough crossbedded sand sediment type probably reflects 
occasional conditions in the centers of the alluvial aprons when upper regime sheetflood flow shifted to 
lower regime flow, decelerating, forming boils on the water surface and scooping out single or multiple 
scour pits.
Discontinuous Layer
Description
The discontinuous layer sediment type is characterized by 1cm- to lOcm-thick discontinuous, 
lensoidal, silt, and mud layers interstratified with very fine-grained sand beds. Silt and mud layers are 
less than 2m long and pinch out or are truncated, giving the outcrop a wavy, discontinuous appearance 
(Figures 18 and 19). Within the mud layers are desiccation cracks and matrix-supported mud chip 
layers. Both subcritically climbing and supercritically climbing ripple cross-laminations (Type A and 
Type B of Jopling and Walker, 1968) along with flat-laminations are preserved in the silt layers. 
Oscillation and lingoid and lunate current ripples are prestinely preserved on some of the broad bedding 
surfaces. Cutting some silt and sand layers are lensoidal silt layers containing low-angle cross 
laminations.
The very fine-grained sand beds range up to 15cm thick and vary from appearing structureless 
to having flat-laminations, subcritically climbing ripple cross-laminations (Type A of Jopling and 
Walker, 1968), high angle planar angular and planar tangential crossbedded sand leases. Sand layers
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Figure 18 Close-up of die discontinuous layer sedimait type. Scale in cm*s.
Figure 19 Wavy and truncated layers contained in the discontinuous layer sediment type. Scale in 
cm’s.
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commonly load down into the mud and silt layers beneath them (Table 2).
Interpretation of the discontinuous layer sediment type
Oscillation ripples and mud cracks across broad surfaces indicate a flat depositional surface for 
the discontinuous layer sediment type. The flat surfaces were partly covered by water or sinqply moist 
enough to allow sand to sink into the mud and silt layers. Similar deposits are described from 
braidplains in playa environments (Hardie, et al, 1978).
Loading and the presence of both supercritically and subcritically climbing ripple cross­
laminations (Type A and Type B of Jopling and Walker, 1968) indicate high aggradation rates for the 
discontinuous layer sediment type (Ashley et al., 1982). Occasional thin (10cm) planar angular and 
planar tangential crossbeds record small, very low migrating sand bars over muddier surfaces. Periods 
o f subaerial exposure are evident from the numerous mud cracks and mud chip layers. Where standing 
water lingered for long periods, silt and clay were reworked into symmetrical ripples.
The discontinuous layer sediment type probably represents broad gentle depressions set 
between and in front of advancing sand lobes. The intricate interplay of horizontal laminations and 
climbing ripple cross-laminations in silty beds with laminated mud layers and beds indicate an array of 
changing current velocities and perhaps more continuous deposition of the discontinuous layer sediment 
type than in other sediment types. A more continuous flow, alternating with episodic sheetfloods, may 
have resulted from water seeping out o f the toes of elevated sand lobes adjacent to the discontinuous 
layer. This flow may have formed rills which cut silt and sand layers and filled them with silty layers 
containing low-angle laminations.
The discontinuous layer sediment type resembles a continual environment of shallow rills with 
low-sinuosity, similar to the Triassic Molteno Formation in the Karoo (Gondwana) Basin, South Africa. 
Horizontally laminated and rippled fine sandstones and siltstones in the Molteno Formation are 
interpreted to record waning bedload and suspension load sedimentation during channel shifting, 
abandonment, and overbank flooding (Turner, 1983).
The discontinuous layer sediment type may also be analogous to interbedded massive
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siltstones, fine-grained rippled sandstones and thin coals of the Westphalian D coalfields. Northern 
Spain. They are interpreted by Reward (1978a) to be interlobe deposits between alluvial fans and 
deposits at the toes of abandoned fan segments. Reward (1978b) further concluded that the interlobe 
deposits are the result o f minor floods between periods o f non-deposition and high water tables when 
peats (coals) formed.
E v ^  Couple
Description
The even couple sediment type is characterized by 3cm to 10cm thick tabular graded beds 
consisting o f lower flat-laminated very fine sand and silt layers that grade up to mud (Figures 20 and 
21). Layers of sand-supported mud chips are common in the lower parts of the even couples. 
Occasional subcritical climbing ripples (Type A of Jopling and Walker, 1968) overlie the flat-laminated 
sand layers (Table 3). Intervals of even couples are commonly interstratified with intervals of flat- 
laminated sand and even mudcracked couplets (described below) throughout the section, and with the 
discontinuous layer sediment type in the middle Revett.
Interpretation of die even couple sediment type
Flat-laminated layers of sand and silt record traction and suspension load deposition in upper 
regime flow across flat surfaces (Lowe, 1982; Kuenen, 1966a) within shallow, waning sheetfloods 
overloaded with suspended sediment. Climbing ripples and mud caps record waning and cessation of 
flow (Ashley et al., 1982). Surfaces were exposed subaerially and the mud layers were desiccated. 
Later sheetfloods were capable of transporting desiccated mud polygons, up to 2cm wide, across flat 
surfaces.
Even couples have been reported by Hardie et al. (1978) , from modem sand flats at the toes 
of alluvial fans in Baja California. In the Revett Formation, even couples lie distally from the flat- 
laminated sand sediment type and are similarly interpreted to record episodic sheetfloods onto sand flats 
downslope from the alluvial apron.
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Figure 20 Mud-cracked even couples. Scale in cm* s.
Figure 21 Bedding plane exposure containing a mud-chip conglomerate and large desiccation cracks of 
the even couple sediment type. Scale in cm*s.
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Even Mudcracked Couplet
Description
The even mudcracked couplet sediment type is defined by continuous, tabular, graded couplets 
0.5cm to 3cm thick with fiat-laminated sand or silt in their lower layers capped by mud (Figure 22 and 
23). Occasional lingoid and lunate current ripples are exposed on bedding plane surfaces. Mud 
polygons on bedding plane surfaces and matrix supported mud chip layers are common (Table 3). 
Oscillation ripples are rare within the even couplet sediment type in the Revett. Packages of 
interstratified even mudcracked couplets and even couples occur in the Burke Formation, in the lower 
part o f the lower Revett, in the middle Revett, and interstratified with fiat-laminated sand in the upper 
Revett member (Figures 3 and 4).
Interpretation of even mudcracked couplets
Rapidly decelerating turbid fiows deposited fiat-laminated sand and silt as bed load in the 
upper fiow regime across broad, fiat surfaces. When current ceased, mud from suspension in standing 
water produced the graded muddy upper layers of the couplets (Smoot, 1983; Lowe, 1982; Kuenen, 
1966a). Lingoid and lunate ripples record lower regime three dimensional fiow (Allen, 1968). 
Desiccated even couplets record sheetfiood deposition across dried playa mudflats (Smoot, 1983). 
Subsequent sheetfioods scoured the dried playa mudfiats, ripped up mud polygons and redeposited 
them, producing mud chip layers.
Even mudcracked couplets represent the most distal facies o f repeated sheetfioods in the Revett 
at Scotchman Peak. Similar small-scale graded units in the Trentishoe Formation of southern Great 
Britain are also interpreted by Tunbridge (1981) as the distal deposits of sheetfioods. Even mudcracked 
couplets also resemble Late Pleistocene fan fronts along the Dead Sea rift that are composed o f rippled 
sand layers alternating with mud layers that are attributed to fioods (Sneh, 1979).
PALEOCURRENT MEASUREMENTS
Paleocurrent measurements throughout the Scotchman Peak section indicate consistent sand
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Figure 22 Cross-section exposure of flat-laminated even mudcracked couplets showing vertical 
mudcracks. Scale in cm*s.
Figure 23 Bedding plane exposure of desiccation cracks and mud chips within even mudcracked 
couplets. Scale in cm*s.
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Figure 24 Paleocurrent diagram, Scotchman Peak Proposed Wilderness Area, Montana.
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Figure 25 Representative paleocurrent rose diagrams based on crossbeds in the Ravalli Group (Belt 
Supergroup) with number of measurements indicated. Data for the Ravalli Group are from Hrabar 
(1973), Bowden (1977), Mauk (1983), Kuhn (1986b), and Cronin (1989). Data for the Purcell 
supergroup are from correlatives of the Revett Formation (A) and the St. Regis Formation (B), from 
McMechan (1981) (from Winston, 1991).
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transport from the southwest to the norüieast (Figure 24)» indicating the direction of sand lobe 
migration. Other authors have also recorded east and northeast paleocurroit directions elsewhere in the 
basin (Figure 25).
SEDIMENT TYPE RELATIONSHIPS
The vertical succession of individual sediment types in the Scotchman Peak section places the 
depositional processes in a temporal sequence. The flat-laminated sand sediment type that dominates 
the lower and upper Revett members records successive sheetfloods that flowed across large sand lobes 
of an alluvial apron. Vertical facies successions in the Scotchman Peak section illustrate how other 
facies inter relate to the flat-laminated sand sediment type. Processes inferred from the full array of 
sediment types are synthesized into a general depositional model for the Revett Formation.
Relationship A: Trough crossbeds with the flat-laminated sand sediment type
Giant trough crossbed sets and cosets of the trough crossbedded sand sediment type cut into 
thick packages of the flat-laminated sand sediment type in the lower Revett (Figures 3 and 4). They 
indicate that shallow upper regime sheetflood flow of the flat-laminated sand sediment type occasionally 
shifted to deeper* lower regime sheetflood flow forming patches of trough crossbeds. Nesting of 
trough crossbeds in the flat-laminated sand indicates that large-scale scour pits were probably most 
numerous in the center of the sand lobes on the upper parts of alluvial aprons* where flow may have 
been a meter or more deep.
In previous studies of the Revett* Winston (1986a, 1986b) interpreted most of the crossbeds as 
trough and epsilon crossbeds of braided channels. However, three dimensional views of the large 
crossbeds reveal that they are giant trough crossbeds which filled isolated scour pits, not linear-shaped 
channels, histead of channelled floodwaters, flow across the Revett alluvial apron was probably more 
sheetform than previously recognized. Although crossbed architecture reveals channeled flow on 
alluvial aprons in other Belt arenite units, crossbed architecture in the Revett must be restudied in other 
localities.
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Relationship B: Flat-laminated sand with the discontinuous layer sediment type
The flat-laminated sand sediment type is interstratified with the discontinuous layer sediment 
type in three ways: 1) single and stacked flat-laminated sand beds are interstratified with thicker 
intervals o f the discontinuous layer sediment type; 2) planar crossbeds belonging to the flat-laminated 
sand sediment type overly the discontinuous layer sediment type; and 3) epsilon crossbeds of the flat- 
laminated sand sedimait type are overlain by the discontinuous layer sediment type.
At 533', 1109*, and 1840*, single flat-laminated sand beds lie within intervals of the 
discontinuous layer sediment type and at other levels, stacked flat-laminated beds lie sharply above the 
discontinuous layer sediment type.
This interstratification indicates that, at times, sheetfloods spilled out across flat surfaces and 
deposited sand sheets across the discontinuous layer interlobe and extralobe areas.
At 730*, (Figure 26 and 27) planar crossbeds overlie the discontinuous sediment type. Planar 
cross-laminae in the upper parts of the crossbeds can be traced down into climbing ripples at the 
crossbed toes, deposited on beds of the underlying discontinuous layer sediment type. The planar 
crossbeds form a tabular layer which is overlain by tabular flat-laminated sand beds.
Planar crossbeds above beds of the discontinuous layer sediment type and below beds of the 
flat-laminated sand sediment type indicate that the flat-laminated sand was deposited on large sand lobe 
or bar surfaces elevated above the discontinuous layer surfaces. The planar crossbeds mark the 
advancing edge of the sand lobes over the discontinuous layer sediment type of the interlobe and 
extralobe surfaces.
Planar cross-laminations in the upper parts of the planar beds probably accumulated from grain 
fall and grain flow below the flow separation surface downstream from the bars. The climbing ripples 
at the toes o f the planar crossbeds indicate that flow probably reattached to the toes of the planar 
crossbeds in the lower flow regime, and that sediments were deposited rather than scoured. Flat- 
laminated sand overlying the planar crossbeds reflect build up of the sand lobe surface into upper
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Figure 26 Planar angular crossbeds of the flat-laminated sand sediment type that extend down to 
climbing ripples at their toes overlying the discontinuous layer sediment type. Photograph taken at 
730’ in the measured section. Compare with sketch, Figure 27, Ruler is 30 cm long.
36
F L S
Figure 27 Sketch o f outcrop at 730’. The discontinuous layer (DL) is overlain by planar crossbeds 
(PC) that extend down to and are continuous with climbing ripple foresets. Capping the planar 
crossbeds are climbing ripples and horizontal laminations of the flat-laminated sand sediment type 
(FLS). Current flowed from right to left. The outcrop records a sand lobe of the flat-laminated sand 
sediment type that advanced over an interlobe depression of the discontinuous layer sediment type. 
Compare with photograph of same outcrop. Figure 26.
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Figure 28 Epsilon crossbeds o f the flat-laminated sand sediment type overlain by the discontinuous 
layer sediment type at 800’- Person in left center for scale.
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regime flow as the flat topped sand lobe advanced over the planar crossbeds. Thus, stacked beds of the 
flat-laminated sand sediment type were built by repeated sheetfloods across flat alluviating sand lobe 
surfaces that, in places, dropped sharply down at their margins to surfaces upon which the siltier and 
muddier discontinuous sediment type accumulated.
Other examples of planar crossbeds marking the advancing edge of the sand lobes over 
interlobe and extralobe surfaces of the discontinuous layer sediment type occur at 427% 942, and 1030% 
The planar crossbeds and flat-laminated sand may have been similar to those nested in large 
sandflats up to 2km long of the modem South Saskatchewan River, where migrating sand bars form 
stacked planar crossbed sets capped by climbing ripples and parallel laminations (Cant, 1978). Revett 
planar crossbeds also resemble tabular planar crossbeds from Bijou Creek, Colorado, that developed 
along the outer margins of sand sheets (McKee et al., 1967).
At 800% epsilon crossbeds in the form of gently sloping flat-laminated sand beds are overlain 
by 15cm of climbing ripples and Im  of the discontinuous layer sediment type in the line of section 
(Figure 28). Three-hundred and fifty meters west along the outcrop the top of the gently dipping 
epsilon crossbeds are 4m below Uie discontinuous layer beds and the intervening interval belongs to the 
discontinuous layer sediment type even though it has elements of the flat-laminated sand sediment type 
in it.
Here the epsilon crossbeds record migration of a very broad, shallow channel that was 
probably cut off and filled by the discontinuous layer sediment type. When the channel was completely 
filled, the entire surface was planned off and overlain by the discontinuous layer sediment type.
Relationship C: Trough crossbeds, flat-laminated sand, and the discontinuous layer sediment types 
This relationship is well exposed at 1260’ (Figures 29 and 30). At the base of the sequence 
the discontinuous layer sediment type is overlain by two sets of planar angular crossbeds of the flat- 
laminated sand sediment type which is in turn overlain by flat-laminated beds of the same sediment 
type. The flat-laminated sand beds are cut and filled with trough crossbeds. In their thickest part, the
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trough crossheds cut completely through the flat-laminated sand bed, which is preserved both upcurrent 
and downcurrent from the cut scour pit. Down current, the trough crossbeds pass into flat laminated 
sands. Tabular, flat-laminated sand beds overlie the trough crossbeds and the sequence returns upward 
to the discontinuous layer sediment type.
This sequence at 1260* (Figures 29 and 30) displays completely the different stages of a sand 
lobe advancing over the discontinuous layer sediment type. The first stage is the leading edge of the 
lobe, recorded by the planar angular crossbeds overlying the discontinuous layer sediment type. The 
planar crossbeds are followed by a couple of flat-laminated sheet sand beds. The trough crossbeds 
record a shift to the upper part of the lower flow regime (Allen, 1985) and formation of a scour pit that 
cut through die flat-laminated sand beds. Down current flow returned to upper flow regime conditions 
and flat-laminations. The scour pits were filled by trough crossbeds as they migrated and, as the flood 
waned, large scale bedforms were planned off and climbing ripples caped the flood event. Upper 
regime flow conditions again returned, depositing the overlying tabular flat-laminated sand beds. The 
last stage is a return to a flat surface with shallow water deposition alternating widi subaerial 
desiccation recorded by the discontinuous layer sedim ^t type. Relationships A, B, and C of the flat- 
laminated sand sediment type to the trough crossbedded sand sediment type and the discontinuous layer 
sediment type is modeled in Figure 31, which is a map view sketch with cross-sections of a sand lobe 
advancing over the discontinuous layer sediment type.
Relationship D: Flat-laminated sand with the even couple and even mudcracked couplet sediment types
Single and stacked tabular flat-laminated sand beds are interstratified with even couples and 
even mudcracked couplets in the lower part of the lower Revett, sparsely in the middle Revett, and in 
the upper Revett.
Flat-laminated sands interstratified with even couples record decelerating sheetflood flow 
downslope from alluvial aprons, then across sand flats at the apron toes; mudcracked even couplets 
record deposition onto exposed playa mudflats (Cronin, 1989; Winston, 1991). Cronin (1989)
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Figure 29 Field photograph at 1260* in the measured section shows beds of flat-laminated and trough 
crossbeds of arenite between layers of the discontinuous layer sediment type. At shoulder level is the 
discontinuous layer which is overlain by two sets o f tabular planar crossbeds. Overlying the planar 
crossbeds» in the middle of the photograph, are two sets of trough crossbeds which cut out flat- 
laminated sand beds, and are overlain by flat-laminated sand beds. Capping the sequence, at the top of 
the photograph, is the discontinuous layer sediment type. Compare with sketch of same outcrop. 
Figure 30.
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Figure 30 Sketch of the outcrop at 1260* displaying vertical progression of sediment types of a sand 
lobe that advanced over the discontinuous layer sediment type. The progression of sediment types from 
the bottom up is: discontinuous layer (DL); planar crossbeds (PC) of the flat-laminated sand sediment 
type; flat-laminated sand beds (FLS) cut by trough crossbeds (TC) and overlain by FLS. Capping the 
sequence is the discontinuous layer sediment type. Compare with photograph of same outcrop. Figure 
29 (See text for discussion).
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Figtire 31 Map view sketch depicting a sand lobe advancing over the discontinuous layer sediment 
type. Cross-sections through the sand lobe show sedimentological structures and their position on the 
sand lobe.
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demonstrated that flat-laminated sands and even couples in the Revett pass basinward to even and 
lenticular couplets. Mudcracked mud and microlaminae sediment types of the Grinnel Formation, the 
eastern correlative to the Revett, represent die extreme distal sheetflood deposits in ephemeral and 
perennial lakes (Kuhn, 1986b).
Relationship E: Discontinuous layer with the even couple and even mudcracked couplet sediment types 
In the middle Revett, the discontinuous layer sediment type is occasionally interstratified with 
packages of even couples and even mudcracked couplets (Figure 3).
Intervals of even couples and even couplets interstratified with the discontinuous layer sediment 
type indicate a downslope (basinward) transition from the discontinuous layer sediment type of 
extralobe surfaces directly to sandflats of the even couple and playa mudflats of the even mudcracked 
couplet sediment types.
DEPOSm ONAL MODEL
Analysis of the stratigraphie configuration o f sediment types and their sedimentary structures 
generates a general depositional model for the Revett Formation illustrated in Figure 32. This model 
integrates advancing and retreating sand lobes with interlobe and extralobe depressions, sandflats, and 
distal playa mudflats. The dominating processes are those of episodic unconfined sheetfloods that 
flowed in the upper regime over an enormous alluvial apron that sloped from the western source down 
into the Belt basin. Sand lobes formed on the alluvial apron from flashy sheetfloods that deposited the 
flat-laminated sand sediment type and, when flow occasionally shifted to the lower regime, the trough 
crossbedded sand sediment type. As sheetfloods continued across broad sandflats of the apron toes and 
the playa mudflats, they first deposited flat-laminated, fine-grained sand from bed and suspension load, 
forming the bottoms of the even couples and even mudcracked couplets. Continued deceleration and 
thinning of the sheetflood progressively diminished its suspended load capacity. Silt and clay settled, 
forming the tops of the even couples on the sandflats and, further into the basin, silt and clay capped
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Figure 32 Block diagram of the general depositional model for the Revett Formation showing 
arrangement of sediment types and relationships on the alluvial apron. See text for discussion.
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the even mudcracked couplets on playa mudflats. Between floods, sand-to-mud couples and couplets 
were exposed and desiccated. This general depositional model explains the sedimentologic, lithologie, 
and stratigraphie data for the entire section, and the lower, middle, and upper members of the Revett fit 
variations o f the general model.
The thick succession of the flat-laminated sand and trough crossbedded sand sediment types in 
the lower Revett records large northeasterly prograding sand lobes into the basin depicted in Figure 33. 
Between the sand lobes were alternately moist and dried very fine sand and mud surfaces of the 
discontinuous layer sediment type. The lower Revett is dominated by facies relationships A, B, and C, 
with relationship D occurring to a minor extent at the base of the lower Revett.
Although rare in the lower Revett, relationship £  o f the discontinuous layer with the even 
couple and even mudcracked couplet sediment types dominates the middle Revett (Figure 34). Large 
alluvial sand lobes retreated and were replaced by expanding extralobe depressions of the discontinuous 
sediment type. Even couples and even mudcracked couplets of the distal sandflat and mudflat in turn 
migrated sourceward over the muddy extralobe surfaces. Several minor sand lobes advances and 
retreats are recorded by thin intervals illustrating relationships A and B.
All five relationships characterize die upper Revett (Figure 35). However, packages of the 
trough crossbedded and the flat-laminated sand sediment types are thinner than their lower Revett 
counterparts. The alluvial apron advanced again during deposition of the upper Revett, but sheetfloods 
and prograding sand lobes were probably smaller. The interstratified flat-laminated sand beds with 
intervals of mudcracked even couples and even couplets in the upper Revett indicate that some 
sheetfloods filled the interlobe and extralobe depressions and flowed out onto sandflats and playa 
mudflats (Figure 35).
DISCUSSION
Results of this study agree most closely with the intracratonic basin interpretation of Alleman, 
1983; Greene, 1984; Kuhn, 1986b; Cronin, 1989; Winston, 1989b, but differ sharply from
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interpretations of Harrison, 1972; Bowden, 1977; McMechan, 1981; Mauk, 1983; and Hayes and 
Einaudi, 1986. As pointed out by Winston (1991), individual structures in the Revett also occur in 
manne sediments, but their vertical and lateral spatial arrangements in marine deposits differ from 
those in the Belt. However, integration of the lithologie, sedimentologic, and stratigraphie data and 
interpretations from those data support a terrestrial fluvial environment dominated by sheetfloods rather 
dian a marine environment dominated by tidal flow. A marine interpretation of the Revett has been 
based largely on reported bipolar crossbed sets (McMechan, 1981; Mauk, 1983; Hayes and Einaudi, 
1986). However, paleocurrents at Scotchman Peak were unidirectional (Figure 24) and few 
bidirectional crossbed rosetts have been measured elsewhere in die Belt (Figure 25). Some apparent 
bipolar measurements may have been taken on the limbs of large trough crossbeds cut perpendicular to 
flow.
Parallel laminations interpreted by Hayes and Einaudi (1986) to record upper regime flow on 
marine beach foreshore slopes are here interpreted to be flat-laminated sheetflood deposits, low angle 
crossbeds o f antidunes, or flat-laminations in epsilon crossbeds. The flat-laminations do not appear to 
be the low-angle seaward dipping foreshore crossbeds (Clifton et al., 1971; Hunter and Clifton, 1981) 
because they parallel the bedding below and above. In addition, Revett sands are not hummocky cross­
stratified. Furthermore, because the Revett is an eastward thinning sand wedge the marine model 
requires an east facing shoreline (Hayes and Einaudi, 1986). Stratigraphie correlations demonstrate that 
Revett sediment types pass eastward to mudcracked mudflat and playa sediments (Kuhn, 1986; Cronin, 
1989), not to open marine sediments. If the Revett were deposited in a tide-dominated delta, one 
would expect to find large channel deposits with accretionary crossbeds, bipolar flaser crossbeds, 
complex reactivation surfaces, and bimodal sets of trough crossbedding (Miall, 1985; Elliot, 1986).
All of these features are conspicuously absent from the Revett Formation at Scotchman Peak.
The fine grain size of the Revett at Scotchman Peak can be accounted for in three ways: 1) 
either the source for the Revett was fine-grained; 2) the Revett represents the lower portions of a very 
large alluvial apron that stretched westward beyond the limit of Belt outcrop or; 3) a combination of
50
both. The absence of cobbles or coarse sands does not preclude strong flood currents, but rather may 
indicate that no coarser material was available (Williams, 1971). Fine-grained sand combined with the 
absence o f vegetation in the Proterozoic may have promoted high rates of erosion and nearly 
instantaneous sheetflood runoff (Schumm, 1968). Although vast the alluvial apron may have extended 
more than a hundred kilometers into the basin, the thicknesses of flat-laminated sand beds indicates that 
individual sheetfloods occurred on only parts of the alluvial apron and deposited smaller sand lobes than 
the alluvial aprons. On modem alluvial aprons individual floods flow across only parts of large alluvial 
aprons (Bull, 1972).
CONCLUSIONS
1) The Revett Formation records two advances and retreats of a vast alluvial apron comprised of 
sand lobe, interlobe, extralobe, sand flat and playa mudflat environments.
2) Unconfined, episodic sheetfloods from the southwest flowed out across sand lobes on the 
middle part of the alluvial apron. Sand lobes are characterized by flat-laminated and trough 
crossbedded sands, reflecting dominant upper regime sheetflood flow which occasionally 
shifted to lower regime sheetflood flow.
3) Planar crossbeds marked the leading edges of some elevated sand lobes that advanced over 
interlobe and extralobe depressions.
4) The discontinuous layer sediment type of the interlobe and extralobe depressions records flat 
surfaces and shallow depressions, set slightly below and between advancing sand lobes, which 
were at times moist with rivulet flow at other times dry and desiccated. The interlobe and 
extralobe surfaces were periodically overrun by sheetfloods depositing flat-laminated or planar 
crossbedded sands.
5) As sheetfloods spread out beyond the sand lobe and extra lobe regions, they decelerated, and 
deposited fine sand, silt and clay in even couples on the distal sandflats and as even 
mudcracked couplets across distal playa mudflats.
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Appendix A
Sediment Type Analysis Methodology
The sediment types are subjected to a Markov chain analysis to bring out the principal 
elements of cyclicity. A sediment type relationship diagram is constructed to illustrate the observed 
sediment type transitions (Figure 5). Even couples and even mudcracked couplets are not included in 
the analysis because of their low frequencies.
Vertical transitions between sediment types are tabulated in the field, from which a matrix of 
observed transitions is constructed (Table 4a). A second matrix is constructed showing the relative 
frequencies of observed transitions (Table 4b).
A third matrix is constructed showing the predicted transitions based on the data and a random 
model (Table 4c). The probabilities depend only upon the abundance of the sediment types and can be 
calculated using the equation:
=
N-ni
where r^ is the estimated probability of transition from sediment type i to sediment type j ,  and n̂  are 
the number of occurrences of sediment type i and j  respectively, and N is the total number of all 
sediment type occurrences other than type i (Walker, 1980).
A fourth matrix can be drawn showing the difference between the observed and the random 
frequencies (Table 4d). The results will be numbers between +1.0  and -1.0, where the positive 
resultant indicates a frequency greater than random and the presence of a Markovian dependency 
relationship (Miall, 1973). Negative resultants infer a frequency less than that of random chance.
A chi-square test is preformed to determine if the differences between the observed and the 
random frequencies (Table 4) are significant. The equation used is given by Billingsley (1961) and 
Gingerich (1969);
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^  ~  Aj (^j fy Ÿ /Sj fjj
where is the number o f transitions and ŝ  is the sum of the f  for the j column for the f  matrix. For 
this equation, the null hypothesis is that the vertical succession of strata was derived by random 
variation in the depositional mechanisms.
For the Revett section at Scotchman Peak, the degrees of freedom are 3, and the limiting value 
is 11.34. Thus, the null hypothesis is rejected when >  11.34. In computing X^, two cells (19.1 
and 13.5, Table 4e) are not used because their low frequencies produce unacceptably high numbers. 
Without them, X^ is 16.07, and the null hypodiesis is rejected at the 99% critical point.
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a) Observed number of transitions between sediment types (n =  237)
Flat-laminated Trough crossbeds Discontinuous 
sand layer
Row sum
Flat-laminated
sand
0 42 74 116
Trough crossbeds 41 0 2 43
Discontinuous
layer
77 1 0 78
Total 237
b) Observed relative proportions
Flat-laminated sand Trough crossbeds Discontinuous layer
Flat-laminated sand 0 .36 .63
Trough crossbeds .95 0 .05
Discontinuous layer .99 .01 0
c) Estimated probabilities under the randomness assumption
Flat-laminated sand Trough crossbeds Discontinuous layer
Flat-laminated sand 0 .35 .64
Trough crossbeds .60 0 .40
Discontinuous layer .73 .27 0
d) Difference between observed and random
Flat-laminated sand Trough crossbeds Discontinuous layer
Flat-laminated sand 0 .01 -.01
Trough crossbeds .35 0 -.35
Discontinuous layer .26 -.26 0
e) Chi square test (X^ = 16.07; 99% critical point =  11.94)
Flat-laminated sand Trough crossbeds Discontinuous layer
Flat-laminated sand 0 .05 .02
Trough crossbeds 8.9 0 13.5
Discontinuous layer 7.1 19.1 0
Table 4. Tabulations of sediment type relationships for the Revett 
Formation section, Scotchman Peak Proposed Wilderness Area, MT.
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Appendix B
Paleocurrent Methodology
Paleocurrent analysis o f die Revett Formation at Scotchman Peak utilized directional 
measurements taken from large-scale trough crossbeds, lunate, Iingoid, and sinuous current ripples.
The exceptional preservation o f bedding planes allowed direct measurements of paleocurrent directional 
structures. The directional azimuth of paleocurrent structures, and the strike and dip of the bed 
containing them, were taken with a Brunton compass and recorded in a field notebook. A total of 136 
measurements were taken (Figure 24).
Paleocurrent directions obtained from bedding planes are linear and corrections of linear 
structures due to tectonic tilting can be neglected, if  structural dips are under 25 degrees (Potter and 
Pettijohn, 1977). All measurements of structural dip at Scotchman Peak were less than 24 degrees, and 
no corrections for tectonic tilting were made.
Paleocurrent azimuth measurements are grouped into 20** intervals (0-19**, 20-39**, etc.), and 
then the directional data are converted into vectors that illustrate the direction and magnitude 
(concentration) of measurements (Potter and Pettijohn, 1977). The overall vector mean is computed by 
the following equation (Curray, 1956):
0  =  arctan EnsinG,
EncosG^
where 0  is the vector mean azimuth, n is the number o f observations and 0^ is the midpoint of the ith 
interval. Magnitude of the resultant vector is calculated by the equation (Curray, 1956):
T —  {(E sin0i)^ + (E cos0)^}
where r is the resultant vector. The consistency ratio is calculated by the equation:
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L = r/ En (100)
where L is the consistency ratio in terms of percent. Whereas the vector mean is a measure of central 
tendency, the consistency ratio (0*100%) is an expression of the concentration of measurements about 
the mean. When L  is 100%, all measurements lie within a similar interval. Conversely, when L is 
0 %, the measurements are uniformly distributed about the vector mean.
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Appendix C: Location of measured section, Scotchman Peak Proposed Wilderness Area, Montana.
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Appendix D 
Stratigraphie Section
A complete Revett Formation stratigraphie section was measured above Little Spar Lake, 
below (nordi face) the ridge that seperates Lincoln and Sanders Counties (Appendix C). The 
stratigraphie section was measured using a Brunton Compass attached to the end of a five foot long 
Jacob Staff.
Legend for Measured Section
Trough Crossbeds Undulating Bedding Contact
Planar Crossbeds
Climbing Ripples
Flat-laminated 
and Trough 
Crossbedded Sands
Mud and Silt; Minor Sand 
Discontinuous Layer 
Even Couple
Even Mudcracked Couplet
Mud Chip Layer
Sediment Loads
Description of Sedimentary Structures and 
IdentiÂcation of Sediment Types
Scale: 1" =  13'
63
-oty"
t
> \ V  -  f-i s
Cure (H tn / i /y s  P</>k S e e r jo ^ Û A
■ iV'̂ ''̂ >i»-̂  uvv̂«'*’i : tX-| !
_J/5 CT : J:/ <- rk jj-
'̂ <\\̂ Vo.v I'V t  vF^
I
^>'>3 : - ; j ' ^ 4' !  i  :
»< ;*<, iAkYj ' : ' l.i.W'il . I-
Vi-̂ Vwi |V*->»vVs  ̂**̂Vi.
r; : "'r
,  , , w v ,
_ t l U  L$A) \\A ;v/_^\aV . u*w .u .:'
(X\ *4 '*• c-vVn ■» MV(>»*p.'*V t ' i  ‘ I'
ÊÂ%% \ i .  r^c>-1 i  : v ^  j t I I \*.V a-\o-
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| \  A\V*>.̂ v».Xsv̂  ̂ Vî i-S (̂ "b ' ' ' V ^C,T C 1̂  - G i ( ^ )
I "\>p\ij# UV). 'ttv.  ̂Ip, ' . \ (.f U. C-9»v4̂ Î*̂  -S
J>4- t ^GV- \ \  . . .
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i j / ^y  4^ î4-/tf‘\  Jir ̂  t .'. //Vf  ̂ /t %
tZ^H !■» ' *■ i  I A /  / e  J t e r r ^ A ^ ^  G  <i '  <  ̂ 6  -^ ..rcw tç
' f ' t - “  <4 / y 5  » ' l  -■
»
//
r '  z  l o
64
^>.TUY«.»0 /  \ X I ' ,; v~̂ t*î ,Ot J ( -iV-
)■ ' ; I ' !
n " “ I  •  “ ’ L  ‘ à  ' ' •■ i » '  V  '
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VOt-V'̂  ^oo- î-Vi /r̂ \A.V tV.pS » C'̂ V> ^  »n
----------   —  Vco
-Ÿv-o \o^u\ u-f 2* W'‘A v-vhnV  ̂ F ^  Cr
Lv^, V '̂-^ a c t  **■+ 4«p 
* -  . % '- AvcVlv'vW v\xA t'^k^ V t- V ;^
K.Vv̂ r U^- tkV to ^
- r ^ W v - i / ''''(=  ,  :, „
c
?
C j
-I
S X
" ^ \ \ \  üVs .
. '  i. : L ;
vA
A A M .
ü \
' î f c S .  . - 'y  •
\ V s
i s 4 v . ,
65
1 ^ 0
L L O
1.CO
ri" '
. V v \ ^
M  0̂  c  
S t > M
**-W {r^
\x j
/ T w
CV XlT-xV)' '̂ J) V'\\̂ 'ĵ \û-'-i ;
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4jc «U'T i j J (̂ .'ftL, \  VsvcV.̂  y ■
W.̂ >S ^\\  ̂ TvvsA- ÇVoV̂ ' \ŝ s t4
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PC. lô ŷ Y li- m'
V t CÏ> f C _yV r-M_ t  ̂  ^
H.^<.~ .̂ i-...U--CUs', S\V. _ fc fS 'iU W
7 2
1 1  1 I
U V a VT
i i i i H l l i 11 i 11
VDKK
W
J ’i i -W 'iu  6 3 o ' l
; ' a v j  , i . 4 , Y  ^  ‘ f  i V A 'Ÿ p i  )- |U >44o-nxp v ^ v  l o ^ j v  : ^ V U p v j  P L 1_  I i : i : ' I
' - ( l l ! !  ..  : : ,
w  ____
j -M i  ̂  k ; ̂ '■'y'
SOŷ ẑ. ] tl^ ~ n > ^S
W Uv< \ \ ^ W ;  /  Pc*«->«*VL U k j 2 J  : V
/«■l-i - f  CK
p t  [,atvW'»' W oA. 
4(l^os\V0  ̂ a-V o>  ̂
\A // S'C- V i
+-«av£ k>Ve, C,'
 ̂ I? f  A.; s (.Ot *1 «I
r ■ ' . .U.̂ M /
W ^ ( Ok'*2- /^Lj, "f2c^
A ,  ^ U ^ T T . ,  i ,
^Lt ^ ^  W\̂ «jf\s vV\\o f*Li V 'tii-
\7 (tX W ed/^ Xt/ —" 1 _l n .1 , ' . . .    \] 1»' u-P c\V. 1̂1 pX 
\
Vf: G ĈV>>4 
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/)li  Ĝ.rÀ ir ^Jt y k ( X 3
n o  i^vxi ,  x v '  £  o  v A e ^  p / o L C * _ t 5
\)A.. ÿ Si)—̂- \«-f. y j  
'■ 'J ^  V . v ^ y  j  t i i  C 
^  L O ^ Y  y .  vv
r / A S = ' V  t . i ,
k ,  1 / 1 1 /  i - o v ^ û -  P L - V ul- ^ ^
4 ,  v n \ '% 0 v
5 ,  " T ( A ) t v \ ( V V  r p f
^ , '  , i2. i
\ , t ' ̂  b i ,  V v^W  -  ^ \ / € i ' l  r  ^
F& $  r ^ i l j -
fLS  ^ . J .
/ ^ • a - > C i  r c ^ A  w < /  I g  \ o o u i _ f
V\ k  ’̂€<4 ~ 7—^
hW r o \ i , , \  W ^ \
\ \s / ' o f  s i x v v i  : i  rc_
c l b  f p y ^  vv. W  S l c ^ ' i .
V*-& ^ 'Jy tvA \ ’̂
Y-ï-lV ^ N  b c L ,
.  ,  \ > i - » ^ v  ^ C nV ^ V  C ' V '  • »
‘ V V ,  . ' . 4 - ^ '
. \ O C t u T i
A O  rv W -V  c V K s  0 /  c V > ^ >  ,
C \ ^
^  0 "  V '  V ^ ^ \
i o T W Z .  JVC-
77
c\\j :
l : ± J  M
; pifi! y
■^Wy:
M
? I
■ I  O 0 ^ \ ^  y.
» S ^ C X 5 5 ^ ^
V ”̂-^ : (<7̂  , t o p ( j ^ ^ ^
I f ' !  ioc^s
■-■'tr’Tr-^
: ! i i  f  , . .
X J^i>O v V..  ̂,
11 ! I ; i : 1 f-i ■
1 '
:c.vkk:
PL S ' ^
A\k. %\ir ^  t[V W(Ks o^;\kAv.. .
< >  V f r - ^ S  y F ; C  V p S  '  I l o C ^ A i  ,  5  0 0  ^  , C  I ' J
j  , ' cW, / f i  . T? \  ' I
\Y  \ % /  / ^  - j-  rv>\ ' tO'^ i ' A i i t o v ' - f
.yi I r.0;4\y
l A . ,  - P L  S  V /  ( : . . t ' I ,
\ l /  C ,  o “f l o c ^ i j
A V , i \  9 6 .  S c * ^ ^
 ̂ , p ; >co»'T '
FLS To.̂ .- W ' i r .)
lo/̂  5 y n C? Ci/k^y ;L\ 4 V' \ù̂ it-Y-̂  40V ' W
~[a\, u\o-v FL 5
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Appendix E. Revett Formation thin section descriptions from Scotchman Peak Proposed Wilderness Area, MT.
Sample # Section footage 
(feet)
Sediment
type
Grain 
size (mi­
crons)
% (^ a r tz % Feldspar % Chert % Mica Matrix Comments & other small % minerals
SP-136 227 EMC <150 20 1 0 75 Clay Graded couplets; algal laminations?; biotite (detrital?); chlo­
rite; hematite; magnetite.
SP-134 230 FLS 125-150
max.
95 1 0 2 Qlz.,
clay
Alteration o f feldspar to sericite; possible detrital mica?; dust 
rims; quartz overgrowths; hematite.
SP-135 230.5 FLS <130 95 1-2 <1 6 Qtz.,
clay
Qtz. overgrowths on quartz grains; horizontal mineral lamin­
ations; dust rims; hematite; magnetite.
SP-133 231 FLS 130 85 2-3 0 10 Clay,
qtz.
Dust rims; altered feldspars; quartz overgrowths; some grains 
with dust rims are well rounded and others are sub-rounded.
SP-132 234 FLS <125 90 5 1 3 Qtz.,
clay
Climbing ripples; dust rims; qtz. overgrowths; chlorite; mus­
covite
SP-131 235 FLS < 5 0 5 0 0 95 Clay Mud cap o f FLS bed; fines upward; algal laminations; ilmen- 
ite; hematite.
AY-6 640 FLS 125-150 85 2 0 5 Clay,
qtz.
Horizontal mineral laminations; magnetite and zircon concen­
trated along laminations and are slightly coarser than quartz 
grains; mica grains are squashed around quartz grains; zircon- 
3%; magnetite- 2%\ illmenite- 2%.
SP-123 665 TXB 150-200 90 3 0 1 Qtz.,
clay,
C 03
Crossbed from scour pit; dust coatings; quartz overgrowths in 
optical continuity; remnant caAonate cement partially replaced 
by silica cement; annealed grain boundaries; quartz grains ap­
pear well rounded; caAonate grains?; hematite; zircon; mag­
netite; illmenite.
AY-3 664 TXB 125-150 85 3 0 6 Clay,
qtz.
Shows gradation into laminae; laminae composed of slightly 
larger grains; zircon, magnetite.
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Appendix E (cont.)
Sample H Section footage 
(feet)
Sediment
type
Grain size 
(microns)
% <)uartz % Feldspar % Chert % Mica Matrix Comments & other small % minerals
AY-5 432 DL <75 15 0 85 1 Siliceous
chert
Siliceous chert, porcelain?; micro-fractures; discontinuous 
laminations; C 03 pockets; caibonate partially replaced by 
chert.
AY-4 485 DL mud, 
qtz. <  100
30 1 0 65 Sericite Clay is dominantly sericite; oriented muscovite that is 
squashed around quartz grains; wavy mud laminae; illmen- 
ite; chlorite.
AY-1 477 DL mud, 
qtz. <  100
20 1 0 80 Sericite Sericite has replaced? some quartz grains; oriented musco­
vite; chlorite.
DC-103 1215 DL < 50 15 0 0 85 Sericite Mud chips; lower 1/3 o f slide is coarser with 30% quartz; 
algal laminae?; hematite; magnetite; chlorite.
DC-100 1200 DL mud, 
qtz. <75
20 0 0 75 Sericite Hematite is concentrated in algal laminations; quartz grains 
are rounded; wavy and discontinuous laminae; chlorite.
DC-102 1144 DL < 50 15-20 0 0 80 Sericite Veinlets o f chlorite; wavy and discontinuous laminae; 
magnetite.
DC-104 1030 DL mud, 
qtz. <  125
35-40 0 0 60 Sericite Quartz grains are sub-rounded; some grains are completely 
altered to sericite.
DC-101 1103 DL < 5 0 40-45 1 0 50-60 Sericite Straight and wavy mud laminae; magnetite.
SP-12I 1360 DL < 5 0 10-15 0 0 85 Sericite Some layers contain slightly coarser, sub-rounded quartz 
grains; magnetite; hematite veins; zircon.
SP-120a 1070 DL < 50 30 1 0 70 Sericite Alternating silt and clay layers interstratified with a mud 
band; mud band contains a couple of sand fragments (rip- 
ups? loads?) within it; hematite; magnetite.
SP-120b 1110 DL mud, 
qtz. <75
25 1 0 75 Sericite Detrital biotite?; chlorite; hematite; magnetite.
Sediment types: FLS- flat-laminated sand; EMC- even mudcracked couplets; TXB; trough crossbedded sand; DL- discontinuous layer
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